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Prevention of Intravascular Catheter-Related Infections 
Leonard A. Mcrmel, DO, SCM, AM(Kon) 

Purpow: To review the literature on prevention of rnrra- 
vascular catheter-related Infections. 

Data Sources: The MEDLINE database, conference pro- 
ceedings, and bibliographies of review articles and book 
chapters were searched for relevant anrcter. Primary 
authors were contacted directly tf data were meomplete. 

Study Selection: Studies met the following criteria un- 
less otherwIse stated: Trials were prospective and random- 
Fred; catheters were rnrened into new sites. not into old 
sites over guidewires: catheter cultures were done by usmg 
semlqurmnatlve or quantitative methods; and. for prc- 
spective studies. catheter-related bloodstream Infection 
was confirmed bv microbial growth from percutaneously 
drawn blood cultures that matched catheter cultures, 
Data Extraction: Data on population. methods, preventive 
strategy, and outcome (measured as catheter-related 
bloodstream infections) were gathered. The quaky of the 
data was graded by usmg preestablished criteria 

Data Synthesis: The recommended prevenrlve strate- 
g!es with the strongest supportive evidence are full barrier 
precautions during central venous catheter msertion. sub- 
cutaneous tunneling short-term catheters inserted m the 
Internal jugular or femoral veins when catheters are not 
used for drawrng blood; contammation shields for pulmo- 
nary artery catheters; povldone-Iodine ointment applied 
to Insertion sites of hemodialysa catheters: specialized 
nursmg teams carmg for patients with short-term periph- 
eral venous catheters, especially at instrcuxionr with a high 
incidence of catheterelated infection; no routme replace- 
ment of central wmous catheters: antiseptic chamber- 
ftlled hub or hub-protective antrseptlc sponge for central 
renws catheters, and USQ of chlorhexidine-sriver sulfadia- 
rine-Impregnated or minocycline-rifampin-Impregnated 
short-term central venous catheters if the rate of infection 
is high despite adherence to other maregies that do not 
IrKorporate onttmtcrobial agents (for example, maximal 
barrier precautions). 

Conchsions: Simple Interventions can reduce the rusk for 
serious catheter-related infecrlon. Adequately powered 
randomlred tr& are needed. 

S evcral million intravascular catheters are pur- 
chased each year by U.S. hospitnb and cltnics. 

Use ot rhesc devices place large numbers of patients 
at risk for catheter-reelated bloodstream infcctton. 
Most serious infections are associated with central 
venous cafhrters rather than small peripheral carh- 
etcrs (1); this 1s partxularly evident in inremlve care 
units (ICUs). Accordtng to a compixer model of 
utihzation of KU beds based on American Hospital 
Associetton data (HJpern N’. Personnl cornmu&ca- 
tion), thtrc were approzimatcly 31 million parienr- 
days annually in 1CUs tn the United Sratcs over tie 
past 6 yenrs. On the bass of data from the Centcn 
for Disease Control and Prevention (Z), the risk for 
rxpsurc to chest deuces per ICU day was 48%, 
leading to approximately 15 million central line- 
days per year m ICUs. With an average of 53 
ccnaal lintassociatcd bloodscream inktions per 
luo0 catheter-days in ICUs (2). approximarcly 
16 000 central lint-associated bloodstr~n i&x- 
trons occurred iu iCUs in the United States each 
year. The attributable morrality h;is ranged from 
17-7’~ 10 25% in prmptctivc studres (1, 3) but was an 
average of 3% in a meta-analysis (4). The attribut- 
able cost per infection is $3700 fo St9 000 (3, 5). 
Therefore. in U.S. ICUs, approximately 500 to 4000 
paaenrs fiannuallyer- 
related bloodstream mfections. The annual cost of 
caring tar patients with central line-assouafed blood- . . stream rnfectlons IS blE[1 -to 
slgnificanr propornon of non-ICV patients have 
central vtn~u.~ catheters (for example, patients on 
hematology-oncology wards), and many patients are 
discharged with central venous catheters in place. 
These pzttlenrs are also at risk for serious catheter- 
related tniectionb. 

The microbes that colonize athetcr bubs and rht 
skin surrounding the insertion site are the source of& 
t~~ost catheter-rehted bloodstream in+- (6-8). 
Therefore, successful prcvcntivc rtrateges must re- 
duLxz colonization of the insertion site xnd hubs or 
mmimize microbial spread extralurnmally from the 
skin or tnrraluminally from the hubs toward the 
catheter tip lying in the bloodstream (Figure). ln- 
hibitiw the adherence and growth of pathogens that - 
reach the intravascular se-went of the catheter 
would also be ideal. 

Attention IO simple and prcrctical iclrervcntlons 
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reduces the risk for intravascular cathrtcr.related 
bloodstream infections (9-1 I). Thts review updates 
rhe e.xpandmg hody of literature on the prevcntiocr 
of rhese infectruns. 

Methods 

ClmcaI studres of mtravascular cathctrrs were 
identified by searching the MEDLINE database for 
artrclcs pubhshed from January 1966 to February 
1999. The proceedings of the Infectious Diseases 
Society of Arnenca from 1994 rhrough 1999, rhc 
Intersclence Conference on Antunicrobral Agents 
and Chemotherapy from 1984 through 1999, and 
the pn>ctcdmgs of the Socrety for Healthcare Epi- 
demmlogy of America Anrrual Mrctmgs from 1089 
through 1998 were rcvrewed. as were bibhwaphles 
of review arricles and book chapters. Unltss other- 
wise stated, the randomized srudtcs included in this 
article mccr rhe following crirena: Carhcters were 
mscned into new sites, not old sires over a guide- 
wire; catheter cultures were done by usmg semi- 
quantitative or quantrtative methods; and catheter- 
relared bloodsrream infections were confirmed by 
mmrobial growth from percutaneously drawn blood 

culrurt~ that matched nwrobial growth irom Ihe 
mvolved catheter. Authors were contacted drrectly d 
these crrrerra wrrc nor stated in published srudics. 
Randomized studies that met these crirerlu but in- 
volved catherer exchange over guidewires into aid 
insertron sltcs were mcluded only if overwhelming 
evldcncc refuted thz findings of a sin& randomized 
trial involving catheter msrrrion into new sites only. 
Any refcrcnce to these studies is specifically noted 
as such in thus review. &se-conrrol and cohort 
studies were rncluded if they invcstrgated iswes nor 
addressed in randomtzed trials regarriless of 
whether they drsclosed rhc site from which blood 
was drawn for culture w whether carbeters were 
msened into old site3 over guidewires. Case-control 
or cohort studies are spetificdly noted as such m  
thrs revtew. 

The st~mrficance of differences in preventron 
strategies was determined by usmg the Mantel- 
Haenszcl tesr or the Fisher exact test if the value Of 
a rest vw-iable WL\ less th;rn 5. Relatrve risks, odds 
ratios, and 95% Cls were C&ukNed by ustng Epi- 
Info, version 6 (Cenrers for Disease Control and 
Preventron, Atlanta, Georgia). Recommendations 
for prevenuve strategies are modified tram previ- 
ous@ published criteria (12), wd the strengrb of the 
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ev~de~px is gadcd JS tallows: I. ev&nct tram a 
well-&signed meta-analysis of randomlzcd, COW 
trolled trials; lla, evidence from a2 lensr one ran- 
dom&d, controlled trial mectmg 111~ preceding cri- 
teria; II& evidence frocu ;Lc Ic%t One randomized, 
controlled trial that nll~ed catkler exchange over 
guidewvcs into old snes; III, evidcne from at least 
one well-designed clmical trial without randomlza- 
tion; and IV, evldencc from opnion~ of authorir)cs 
in the field based on climcal expcricnce. dcscriytlve 
studies, or expert committee reports. If mocc rhal 
one vpe of evidence was avaIlable to suppon a 
specific recommendation (such as a mera-analysis (IJ 
and an expert commirtce report [IV]), only the 
hightsr applicable evldcncc for the recommendation 
IS lisred. Recommendations for whrch results wz 
confiicnng reflect the prevailing view, and the high- 
est rated trial based on rhe preceding crircria is 
cited 

Preventwe strategies are reviewed III the order in 
which one would approach a patient undcrgomg 
intravascular catheterization. Prophylaxis is dis- 
cussed, followed by procedures surrounding cdrhcter 
insertion, such as the site of InsertIon, tunneling of 
catheters. and antatpsis. Rccommcndacions for 
mamrenance of cathercrs follows, such as nursing 
care of catherers and types of available cadxter 
hubs. Anrimlcrobial-coated or antimicrobial-impreg 
naxed catheters are then reviewed. 

Preventive Strategies 

Intravenous Antimicrobial Prophylaxis 
Prophylaxis with vancomycin or teicoplanin dur- 

mg central venous wrherer inscrrion has nor been 
demonstrated to reduce the incidence of cstbeter- 
related bloodsrrcam inlecrion (13-15 [Table 11). 
Two studies (13, 14) failed to show a difFerence in 
early cnrherer-related bloodstream mfcction in the 
antibiotic prophylaxes groups, and in another study 
(15), the incidence of bioodstream mfect~on was 
higher in Ihe prophylaxis group (Table 1). Bemuse 
these studies bad small samples, rhcy cannot rule 
out the possihilq ot a beneficial ebccr. Prophytaxis 
with vancomycin or tcicoplanin at insrrion of a 
central venous carheter IS not recommended on the 
basis of the available data [Iia]. 

Addition of vancomycin to flush solutions or torat 
parenteral nutrition solutions reduced the risk for 
catheter-related bloodstream infection wnh coagu- 
h&e-negative staphylococci in one study of ncunates 
(odds ratio, 0 [95% Cl, 0.0 to 0.71) (16). However, 
Centers for Disease Control and Prevention guide- 
lines recommend against prophylactic use of vanco- 
mycin because II is an independent risk factor for 
aCqulslri0n of vancomycm-resistant cnrcrococci (17). 
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Prolunged ;Idmm~srratmn of vancomycm-containmg 
dtalysate through perlloneal dialysis catheters is 
associated with pcrttonitis due to St~ph.d~coc~us 
c~rdarn~f~, wirh mtirkcdly reduced susceptibilq to 
vdncomycin and ex~f-s~e colonization with vancomy- 
cm-rts~stant enterococci (18). Prolonged USC of sys- 
remit vancomycin tU treat S. atlreus infecuon is 
associated with development of inrermcdiate resis- 
tance to vancomvcm (19-22) and subpopulatIons of 
$ uurcw vvlth -reduced v;mcomycin susceptibility 
(22, 23). Therefore, prcventlon of intravascular 
catheter-related infections should not involve van- 
comycin or other therslpeutic agents [lb’]. Efforts 
should bc focused on inrervenhons that art 1]ot 
likely to encourage tfre emergence of antirmcrobial 
rtasrance, such a5 maximal barrier precautions. 

Several of the diffcrenr protcm components of a 
thrombus increase ;idhrrcnce of 5. uurerrs, S. spider- 
mid& and Can&da sptmcs to c%herers (24-27). 
Thrombus formarivn on indwelling inrravascular 
catheters is atsocrated with catheter-related blood- 
stream inl’ectjon (28, 29). Very-low-dose warfann 
reduces venographlcally documented thrombobts 
with long-term use of central venous catheters (rel- 
atwe risk. 0.25 [CL 0.09 to 0.7J) (30) and reduced 
thrombosis m an obscrvanonal study (31). Prophy- 
lwis with very-low-dose warfarm shotkid be strongly 
considered for patients with long-term, mdwelling 
intravascular catheters (Ha]. 

Warfarin and Heparin Prophylaxis 

In a mcta-analysis, prophylactic heparin reduced 
the risk for catheter-reinred central venous throm- 
bosis (relative r&k, 0.4 [CL 0.2 to 0.81) (32); how- 
ever. the analysis hilcd to show a sign&ant differ- 
cnce In Ihe risk for central venous ckhetcr-rclatcd 
bloodscream mfcction when it was given in a bolus 
mfusion or added to intravenous soiutlons (relatwr 
risk, 0.26 ICI, 0.07 to 1.031) (32). MOSI heparin 
solutions &main preservat&s with antirmcrobial 

Table 1. Efficacy of Systemic Antimicrobial Prophylaxis 
durmg Central Venous Catheter insertion in the 
Prevention of Catheter-Related lnfwcuon* 
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activny (33). Th.u, the fewer catheter-rchtcd mtcc- 
tious associated with hepann use may be due IO the 
preseruatwe, reduced thfombus formation, or both. 
Prophylactic hcparin should be admuustered to pa- 
rienn wnh short-term central venous catheters [I]. 
Three U of heparrn per mL in total parenteral 
nutrition solution, 5000 U every 6 or 12 hours m a 
flush solunon. or LSW U of subcuroncous low-mo- 
leclllar-weight hcparin daily all reduce the risk for 
catheter-related central venous thrombons (32). 
Heparin treatmenr should be discontinued if an un- 
explained decrease m the platelet count 1s observed. 
particularly if it is less rhan 100 Ooo ceIls/mL, or a 
new thrombotic event occurs (34). 

Site of Insertion 
No randomued trials have assessed the risk for 

mfectlon assoaated with catheter insertion Into the 
subclavian, internal jugular, or femoral vein. How- 
ever. tour prospecrive, observational studies using 
multivariate analysis found that risk for mtection 
was significantly mcreascd with insertion into the 
mrernal jugular vein compared with insertion mto 
the subclavian vem (6, 35-37). Therefore, insertion 
of a catheter into the suhclavian vem is preferred to 
reduce the risk for infection [III]. However. rhls risk 
must be weighed agamst nomnfecdous csmphcz- 
tlons associated with subclavian vein mserrion (38, 
39). In one prospective, observational study, Cox 
proportional hazards analysis showed that catheter 
inscrrion into the femoral vein was associated w?ch 
catheter colonizatton (hazard, 4.2 [Cl. 2.0 to 8.6]) 
(40). The risk for deep venous thrombosis is higher 
with femoral vein insertion than mth subclavian 
or internal jugular vetn insenton (41). Therefore, 
femoral venous carheteriwrion should be limlted to 
circumstances that prevent the use of alrematwe 
access sites [III). 
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Subcutaneously Tunneled Catheters 
Subcutmcous tunneling of short-term catheters 

Inserted into the: internal jugular vein indcpendenrly 
reduces the risk for catheter-related bioodstrcam 
infection (relative risk, 0.2 [CL 0.1 to 0.71) (42). A 
study of subcutaneously tunneled femoral vem cath- 
cters failed to show a sIatlstr&ly significant d&r- 
cnce in risk for cnthetcr-related bloodstream intec- 
Iion (relative risk. 0.3 [CI. 0.0 to 1.9]) (43). In a 
mew-antilysis, rubcutaneous tunneling of cubclavlan 
vein cathctcrs did not agnificantly reduce the risk 
for carhetcr-rt!ated bloodstrew mfecrion (relattvc 
risk, 0.71 [CI, 0.36 to 1.431) (44). In the studies that 
showed the grrarest benefit from runncling (42, 43). 
potcotial colonization of catheter hubs was mim- 
mized because the catheters were not used for 
drawing blood. Thus may have magnified the impact 
of the interveuuon by increasing the probability that 
cathcrer infectIons emanate f&m the inserrion site 
rather than the hub (45). The restricted manipula- 
tion of the catheter hub in these studies contrasts 
sharply with chnical practice in U.S. hospitals. 
where cenrnl venous catheter hubs an’ frequently 
mtrmpulated during blood drawing. Therefore, sub- 
cutaneous tunneiing of short-term Internal Jugular 
or femoral vein catheters 1s recommended if the 
utheters are nor accessed for drawing blood [lla]. 

Cutaneous Antisepsis 
In the Umtad &ares. povidone-iodine is the most 

widely u-d anthcptic for cleansing catheter inscr- 
tion sites (46). However. m three of four studies, 
chlorhetidinc significanrly reduced the incidence of 
mlcrobtsl colonization of catheters compared with 
povidone-iodine (47-50) (Tnblr 2). Three studies 
failed to show a stittWically significant difference in 
catheter-related bloodstream infecrion when cathe- 
ten inserted into new sites were cleansed with chlor- 



hcndinr compared with W C S  clr;tnsed by using po- 
vidone-iodme or alcohol (4i. 49, 50) (Table 1) 
Limlted power m  these studies was due to the low 
mcldrnce of cnthcter-related bloodstream mfectlon. 
Alcol~ol~~ and aqueous chlorhexldmr products are 
not approved in the United st3tes for USC at intra- 
vascular carhrtrr insertion sttes but arc permitted 
for such USC m  Canada and Europe. Chlorhexiditx- 
contaming anuseptics should be uxd, whtrr approved. 
for skin preparation before mthcter msertion [Hal. 
fincturc of iodine IS superior to povidonc-lodine as 
a cntancous antiseptic (51. 52) and should be con- 
sidered for prtparvtion of Intravascular WCS (IV]. 

Sterile Barrier Precautions 

Full barrier precautions during msertion of rhe 
central venous catheter (sterile gloves, long-sleeved 
sterile gown, mask, cap, and laqe ncrile sheet drape) 
reduce the inadenrx of catheter-related bloodstream 
mfealon compared with standard (sterile gloves and 
small drape) precauttons (0.05/1000 and 0.5/1000 
cathertr-days, rcspectlveb P = 0.02) (53). These 
findings are supported by the results of a prospec- 
tive, observational study (6). Full barrier precau- 
tions should be the standard of cart durmg central 
venous catheter insertlon [IIa] and should be con- 
sidered durmg insertion of midiinc and periphcr‘al 
artery catheters (IV]. 

Catheter Dressing 

In two meta-analyses. the risk for central venous 
catheter-related bloodstream infection did not d&x 
for groups uwng transparent dressings compared 
with gauze dressings to cover cathctrr insertion sttes 
(54, 55). but both analyses included studies with 
methodologic problems. One study (56) reported a 
reduced risk fur catheter-related bloodstream infec- 
tion associated with gauze dressings (odds ratio, 0 
[CL 0.0 to 0.51). Yo bloodrtrtam mfections were 
reported in another study (57). No significant dif- 
ference in catheter-related bioodstream infection 
was observed between patients wrth gauze dressings 
and those with transparent dressings in three large 
randomized studies that included catheters ey- 
changrd over guidewires into old sites (7. 58, 59). 
On the basis of all avtiab!e evidence, the choice of 
central venous catheter dressing may be a mntfer of 
preference md cost [Ilb); however, gauze drcsslngs 
are preferred if blood is oozing from the catheter 
insertion sate (58) [Lib]. 

Ointments 
Results of random&d studies of thr tfficaq of 

triple antibiottc ointment (polmyxin. bacitractn, 
and neomycrnj zpptied IO wtheter iosernon snes 
are mdeterxninate because of the low number of 
catheter-rciatcd bloodstream infections observed 

(odds ratto 0 [CL 0.0 to 1.51 [60]; relative risk, 10 
[CL 0.2 to 7.31 (61J). These studies cannot rule out 
the possibility of ;1 prophylactic effect. Increaced 
catheter colonization by Cundidu spccles ax-ociarcd 
with use of triple antibiotic ointment has been re- 
viewed e&where (62). Thus, applymg triple anttbl- 
one ointment to catheter insertion sites is not rec- 
ommended (IIa]. 

Results of randomized studies of prophylactx use 
of povidone-iodine ointment applird to msertion 
sites of short-term catheters for the prevention of 
catbetcr-related bloodstream infectIons are also in- 
determinnte (rclatwe risk, 0.5 ICI. 0.1 to 2.7) [60], 
relatwe risk, 1.0 (CL 0.1 to 7.11 (611). Cathetct- 
related bloodstream infections were reduced in a 
study of long-term hemodialysls catheters (relative 
risk, 0.1 ICI, 0.0 to 0.71) (63). No nasal carrters of 
S. UUICUS in the povidonc-iodme group developed 
catheter-related bloodstream infection. compared 
with 29% of the control group (P = 0.03). Thus, 
most of the treatment effect was due to reduced 
iniecrions in na.sal carriers of S. aureus. 

Application of mupirocin ointment to msertion 
sites for temporary hcmodialysis cathetsrs reduces 
the risk for catheter-related bloodstream infection 
with S. wwu (relative risk, 0.1 [CI. 0.0 to 0.71) 
(64). Prolonged use of mupirocin ointment at cath- 
eter insertion sites has been associated with the 
devclopmcnt of muptnxin reststance (65). which 
may reduce the utility of mupirocin for other pur- 
poses (66). Mupirocin ointment may adversely affecr 
the integrity of polyurethane cathstcrs (67, 68). 
Therefort. mupirocm ointment should not be ap- 
plied to catheter insemon sites [IV]. 

Povidone-iodine ointment should be applied to 
the insertion site of hemodialysis catheters [IIa]. 
Applying p&done-iodine oinrmcot to insertion 
SIWS of nontunneled, long-term central venous cath- 
eters in immuncrcumpromised patients with heavy 
S. aureur carnage (such as patients wtth AIDS (691 
or cirrhosts [Xl]) should be considered (IV]. 

Contamination-Shielded Pulmonary Artery 
Catheter3 

Patients who wtrc randomly xssigned to have their 
pulmonary arttq catheters s&-contained wnhin a 
thin plasnc sleeve rhat prevented touch contamina- 
tion had a reduced risk for catheter-related blood- 
stream infection (odds ratio, 0 [CI, 0.0 to 0.51) (71). 
Therefore, a contamination shield should be used 
for all pulmonary anery catheters [Ila]. 

Catheter Maintenance 

so prospectwe, observatlonal studtes demon- 
strated that exccGve manipulation of central ve- 
nous catheters independeotly increases the risk for 
catheter-related bloodstream infection (37. 72). 

2000 B?:?WM’l P6 FROM : DobJLlffi 8 DEW15 Fv-bNE ND : 6199323402 npr. 24 
* 



FRCh : DomING 8 DEt-NIS PHONE NO. : 6199423462 Rpr. 24 2688 07: 35Wl Pi’ 

probably because of rhr greater rusk for a breach III removed as soon as possible aflcr thmr intended use 
aseptrc technique wtth multiple mantpulattons. In- [lV] (85). 
appropriate care of intravascular catheters mdcpcn- 
dcntly Increased thr risk for catheter-related blood- injection Hub and Connection Port 
stream rnfecaon in another observational srudy (73). Catheter huhs and santpling ports should be drs- 
Continuing qualny tmprovcmcnt prosrams to assure infcctcd before they are accessed [IV] (8-10). AI- 
compliance with catheter care gutdelines signifi- coh01, povldone-iodine, and chlorhcxtdine are ctfcc- 
cantly reduced primary bloodstream irlfection or rive (86, 87) but are only dightly more effective than 
catheter-related bloodstream infection in four pro- saline because premoistcned cotton swabs physic+ 
spective cohort studies (74-78). Continuing yualiry remove mobt pathogens from cathctrr hubs (86). 
improvomeut programs aimed a~ improving compli- In one trial (88), a hub contaming an antiseptic 
ance with catheter care guldeltnes art recom- chamber ftllcd with iodinated alcohol reduced the 
mended (ITI]. risk for centrnl VC~OUS catheter-related bloodstream 

Case-control and cohort studies of patlcnts with (rclatrve risk. 0.2 ICI. 0.1 to 0.71). This hub is avail- 
central venous catheters in ICUs have demonstrated able in Europe but not the United States. Another 
that a reduction in the nurse-to-patient ratio from ~1~1 assessed the efiicacy of a sponge saturated with 
l:l, to 1:: independently increased the risk for cath- povidone-iodine housed w~thm a plastic casing and 
eter-related bloodsuerun infectlon (odds KSIO. 61.5 fitted around the catheter hubs (89). It reduced the 

[Cl. 1.7 to 30741) (7Y). An adequate nurse-to-pa- incrderwe of wtheter-related bloodstream infection 

ttent ratio tn ICL’s is strongly recommended to pre- from 24(% to 0%) (P = 0.02). This device is avuiable 

vent Me-threatening ccnttal venous catheter-related in the United States but not tn Europe. In hoth 

mfecuons [III]. tnais. catheters were m  place for approxtmately ? 
TWO trials assessed specialized care provided by weeks. Greater catheter hub manipulatron increases 

trained nursing teams that assured stringent adher- the risk for contarnmanon (90). Durmg prolonged 

ence to aseptic technrquc during msertton of pe- cathetettintton. catheter hubs are accessed multiple 

ripheral catheters and catheter dressing changes times, increasing the Irkelihood that catheter-relarzd 

(80. 81). No bioodsueam infections occurred in one bloodstream infectton emanates from colonized 

study (SO). In the other study (81). catheter-rrlated 
hubs rather thnn the insertion sire (91). Either of 

bloodstream infection was reduced in the special- 
thess two specialized hubs should be conndered for 

ized care group (odds ratio, 0 [Cl, 0.0 to 0.61). 
patients without iodine allergies who require central 

Sprcialized nursing care sigmficantly reduced phle- 
venous catheterization for approximately 2 weeks 

bitis in both snJdte>. Specialized nursmg teams car- 
[IhI or possibly longer. These devices may benefit 

ing for patients with short-term pcnpheral venous 
ICU partents whose central venous catheters tire 

catheters should be used to reduce the risk tor 
heavily manipulated but will bc in place for a 

phlebitis and catheter-related bloodstream infectron, 
shorter duration [IV]. 

partlcuiarly at institutions with an mcretied incr- 
Many needleless systems are available for use 

with intravascular catherers. Several case-control 
dence of these events [IIaj. Spraallzrd nursing 
trams chould also be tied 10 reduce carhetcr-relared 

and cohort studies have demonstrated an increa~d 
risk for catheter-related bloodstream infection with 

infections tn patients receivlnp total parenreral nu- 
trition [IV]. 

thex devices (X-1W). Thts may refIect suboptimal 

The results of a mera-analr;is (82) are inconclu- 
dcs~gn of the device (93, 96), infrequent replace- 

stve with regard to any benefit toward reductton of 
mcnt of the nccdlclcss d&cc or the end caps cov- 

catheter-related bloodstream Infection by routine 
enng the devw (94, 97, W), contammattoo of the 

replacement of central venous catheters by usmg 
device with water-borne gram-negatwe baciIh during 

gutdewtre exchange (relative risk, 1.7 [CI, 0.9 to 
bnthmg or other acttvitlcs (%, YS, lOO), or self- 

3.3)). Rourtne replacement of central venous cath- 
adminrstered tntravenous infusions (98). in vnro ex- 

eters is nor tndicatcd [IJ *a long as the integrie of 
pcrimcnts have shown that proper dismfectron of 

the csthcrer polymer is stable for the expected II* 
needleless system injection sites prevents tnicroblal 

of the catheter and the duration of cathttcrization 
transfer from the hub to the intralummd fluid path 
of catheters (loo-102). In a crossover clinical tria! 

(83). (103). use uf a needleless system after adequate 
Intravascular csrhetcrs may remain in place long trdmmg did not incrcrsc the risk for catheter-related 

after thetr intended use ($4). increasing the risk for bloodstream tnfection. In a lqer tnal, a needleless 
catheter-related bloodstream tntectlon. Physicians system was independently associated with reduced 
and nuncs should ;isscss patients’ need far mtravas- Luntamination of infublrte (104). To prevent intra- 
culnr catheters, and all other temporary forclgn vascular catheter-relsred bloodstream infection as- 
bodies, on a daily basis. These devices should bc sociarcd with nredlclcss systems, the devce and the 
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Table 3. Efficacy of a Silver-hnpregna?ed Subcutaneous Cuff for the Prevention of Central Venous 
Catheter-Related Infecvon* 

Cathew-Relared 
eloodslrcam mtcctlnn 

-----. 
a 

end cap (if present) should be changed regularly m 
accordance with manufacturers’ guidelines, the sur- 
face of the device should be adequamly dismfected 
before it is accessed (for example, by using an iso- 
propyl alcohol-saturated pad), and special care 
should be taken to reduce direcr contact with non- 
sterile water PII]. 

lnline Filters 

Inline 0.22-wrn f&ers in intravenous tubing re- 
duce the risk for phlebitis (105). There are no ad- 
equate studies showing thar filters reduce the risk 
for carheter-related bioodsaeam mfection. Inline fil- 
ters are not recommended for prevention of these 
infections IIV]. 

ArttimicrobiaLCoated or Impregnated Catheters 
and Cuffs 

Antimicrobial-impregnated or antirmcrobial-coated 
&Y&S and CU.% arc important additions to the group 
of preventive straregres. Most pulmonary anery and 
umbilical anery catherers are heparin-bonded with 
benzalkonium chloride. The benzaikonium chloride 
provides the catheters wirh short-hved antimlcrobial 
activiry (106). Benzalkonium chloride-coated pul- 
monary artery catheters should be used because 
they may prevent catheter-related infections [IL’]. 

A silver-mxpregna ted subcutaneous collagen cuff 
arrached to a central venous catheter acfs as a tissue- 
interface barrier. The findings of two studies of 
short-term catheter-related bloodstream infections 
associated with use of this commercially available 
cuff are inconclusive because of the small number of 
catheter-relared bloodstream infecuons observed 
(107, 108) (Tabie 3). In the combined trials. with 
dwell times of 20 days or longer, usr of tb cuff did 

no1 reduce the incidence of catheter-related blood- 
stream infectIon (109-111) (Table 3). JZxrruslon of 
the silver cuff from the catheter tunnel tracr to the 
skin and minimal subcutaneous anchorage of tun- 
neled, silver-cuffed central venous catheters have 
been observed, possibly because of a cytotoxic effect 
of rhe silver (112). On the basis of all avaiiable 
evidence, UK of this device is not recommended 
with short-term [IIa] or long-term [Tla) catheters. 

The efficaq of catheters impregnated wixh chlor- 
hexidine and silver sulfadiazine on the outer surface 
was tie subject of a mcta-analysis (113). The Man- 
tebHacnszel method was used in the present review 
to esrimate a summary measure of the effecr of this 
device on catheter-related bloodstream infections by 
combining the results from six of eight prospective 
studies of short-term (less than 2 weeks) central 
venous catheterization (8, 114-120) (Table 4). This 
ondysis demonmarts thar short-term use of a catheter 
unpregnaxed wth chlorhexidine and silver sulfadiazine 
reduced the risk for central venous catheter-related 
bloodstream infection (Mantel-Haenszel weighted 
relative risk, 0.4 [Greenland-Robins CI, 0.2 to 0.81). 
One study (121) failed to show E difference in cenrral 
venous catheter-related bioodsueam infection witi 
use of thxs catheter for a more prolonged dwell time 
(Table 4). Use of this catheter should reduce WSI m 
setrings in which the incidence of bloodstream infec- 
tion caused by use of short-term central venous cath- 
eters is grearer than 3.3 per loo0 carhererdays (9). 
On the basis of a multivariate sensitivity analysis. 
use of this catheter should lead to a cost saving of 
1668 to S39I per catheter (122). The currently mar- 
keted chlorhcxidine-silver sulfadiazine-unpregnated 
catherer is not effective for carhcters in place for an 
average of 3 weeks (121) (Table 4). This finding 
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Table 4. Efficacy et ChlwhcxidinrSilver fultadiazme-Impregnated Central Venous Catheters in the Prevention of 
Catheter-Retated Infertim* 

RnlaIP+ Alsk 
(95% Cl) 

Cs:herer-&hed Retawe Rsk MeanDuimcno! 
&oodrtrHm mftC1.on I555 C!) cotkctartatlor 

- _. ----e-v .^._ 
l-l.5 P&j 0 

- 

8 CUSS l/98(1 0, -6 
CONd 5:113(E A) 0 2 (0 0-Y 9) -6 

I IA ctm rnSfl4i 7 
COWCI 10125l'B! 00 1C l-l 01 7 

1'S 

116 

..- ,a, 
it8 

065 22ml32) 
Con1rol 22/6D (37) 
CH55 21/:16(18! 
COmrOl 3W17@1) 
CHST 1!67 1: 5) 
Comrol 1357 t's! 
CM% lawl (23) 

09(06-Id) 

06(04-09) 

Ol(OO-D7J 

5/68(7 A) 
760 112) 

o/116 (01 
3/117 (2 61 

l/E? I' 5, 
UE7 (0 6) 

0.6 (0 2-l 9) 

O.jKlO-0 7) 

OSfOd-07) 

119 

120 

:i1 

25n5(71) 

AYl99(23) 
63/18903) 

03(02-061 

07(05-09) 

26 (6 1, 
3m (7.5) 

11199 (0.5) 
4lI89U 0) 

17I338 (5 01 
15!342 (44) 

0 a :o 2-n 7) 

0.2 (00-2 11 

1 2 (0 S-2.2) 

10 
'1 
11 

ill 
20 

probably reflects reduced xnlimicrobial activity of 
the cathcrer over time (116, 121) and a lack of 
protection from microbes invading the luminai sur- 
face of the catheter from contaminated hubs. R&s- 
tance to the chlorhcxidine-silver sulfadiazine cathe- 
ter has not been demonstrated in clinical studies. In 
vitro studres dcsigncd ro induce microbial resistance 
to chiorhcxidine have been successful (X23). These 
experiments were done in the absence of silver sul- 
fa&zing, with bactcrin not usually associated with 
catheter-related mfcctions and under conditions 
that differ from the clinical conditions in which the 
chlorhexidine-silver sulfadiatine catheter is used. 
There are reports, predommantty in Japnn. of ana- 
phylactic reactions to the chlorhexldmc component 
of this catheter (124). As of 30 December 1999, no 
such reactions were reported to the U.S. Food and 
Drug Admimstration (Freedom of Information In- 
quiry). USC of central venous catheters tmpregnated 
with chlorhexidinr and silver sultadiazinc should be 
considcrcd when cetheterizarion is expected to last 
less than 2 weeks and when the rate of infection is 
high despite adherence to other stratcgics, such as 
maximal barrier precautions [I]. Adverse reaction 
associared with this or any other devlcc should be 
reported LO rhc U.S. Food and Drug Administra- 
tion’s McdWatch program (w%v.fda.gov/medwatch) 
and the Centers for Dtsease Control and Prevention 
(www.cdc.eov). 

Use of connnerciallv available central venous 
catheters impregnated mtraluminslly and extralumi- 
nally with minocychne and rifampin reduces rht risk 
for catheter-related bloodstream infection com- 
pared with the currently available chiorhexidine-silver 

sulf~dijzilre-irnpreglla~ed catheter (rclatlve risk, 0.1 
[CL 0.0 to 0.61) (125). Resistance to minocychne 
and rlfampin impregnated on catheter surfaces has 
not been demonstrated in clinicd studies, but pop- 
ulation analysis (22, 23) was net used to determine 
whether subpopulations of sk.iu microbes develop 
resistance after prolonged exposure to this antlbiot- 
ic-impregnated eathttar. One in vitro study sus- 
gestrd that use of cntheters impregnated with mi- 
nocychne and rifampin may lead to development of 
resistance to these agentv (126). However. use of 
these devices may reduce the use of systemic anti- 
biotics, such as vancomycin. Use of central venous 
catheters impregnated with minocycline and rl- 
fampin should be considered when the rate of 
hloodstrcam infection related to use of short-term 
central venous catheters is high despite use of pre- 
ventivr: strategies that do not mcorpome agents 
othcnvise used for systemic antimrnobial therapy 
[Ila]. 

Current recommendations for the prevention of 
catheter-related bloodstream infection art hsted in 
Table 5. 

The Future 

Over the past 25 years, much has been learned 
about catheter-related infections and their prevcn- 
non. However, additional adequatety powered ran- 
domized studies with appropriare microbiological 
methods are needed. 

A study of covalenrly linked heparin on the sur- 
face of central venous catheters to reduce the risk 
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. for catheter-related bloodstream infection was inde- 
termmate (odds ratio, 0 ICX, 0.0 to 1.5)) (127) This 
stratc,? is arnacnve’because it dots not incorporate 
antrrmcrobial agents; further studies of it are war- 
ranted. A study of a catheter externally coated wnh 
silver was also inconclusrve (relative risk, 0.5 [Cl, 
0.2 to 1.01) (128); again, further clinical trials with 
this catheter arc needed. Electrically charged c;lth- 
eters prevent colonuarion by various microbes (129. 
130), but there are no published clinical trials of 
these catheters. 

Gene products of an identified operon mediate 
the S. epidmnidro auroaggregation and bloiilm for- 
mation so commonly encountered on the surface of 
colonized intravascular catheters (X31). Blockmg the 
expression of this operon may prevent adherence ot 

Qpr. 24 2000 07: 3 W M  P10 

S. ep~dormc~~s to rhc catheter surface. Antibodies 
that block the fibrunectin-bmding p~~ein adhesin of 
S. aurcus bevc been developed (132). Coating furure 
catheters wtth similar antiadhesin molecules may 
thwxr S uweu) mfection. Quorum sensing among 
microbes is necessary for the maturation of biofiJm 
(133). A better understanding of this form of mi- 
crobial commumcatton may lead to the develop- 
ment of chemical messengers chat block biofilm for- 
mation. 

Future prospects for the prevention of foreign 
body infections are bright. Our expandmg knowl- 
edge of the molecular pathogeneris of catheter III- 
fectionr will undoubtedly Xulde us in tie continurd 
struggle agamsr mxrobia1 colonization of tomor- 
row’s catheters. 

table 5. Rtcommendahnr for the Prevention of Intravascular Catheter-Related Infection 

PrcvmOre scmegy Recommmecd for Clmlul &e Craef * Recommended 
I” Current 

Rcvlew 

u 
ua 
lb 
ua 
lid 
Ill 
IU 
IV 

N  w? 

I 
I 

NO 
Yes 
Ye; 

tla 
lla 

I?5 
YeS 

yts 

lb YU 
ua Yes 
!‘a NO 
na NC 
lb NO 
IId Ves 
Nb yes 
lib Y.3 
I” V’BS 

No oilma! feccmmenachn 
YP; 
No odtcwl mcommmdanon 
NO offmal recommendation 
No 
NO ochcol recommmdrtan 
YCS 
Yes 

Yes 

UO 
Ye5 
YES 

No bfftcul recommmtbucn 
YCS 
NO 
Yes 
No OHKId wcrYnmendanw 
No Gfmdl ncommt~~JIlon 
Yes 
NO off~col recommenda!~!? 
NC cff&a remmawon 

QS 
Yes 
YC< 
Pa offwdl recommmdauon 

No o&cd recommendanor 
No 
NO 
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